The direct procedure for determining serum choles- 
with the color reactions used to measure cholesterol. have adapted the procedure to continuous-flow analysis, and confirmed the lack of interferences mentioned above.
Saponification of the serum cholesterolesters cir-
In applying the method to the "CentrifiChem" parallel fast analyzer, use of untreated serum and of a single reagent were of paramount importance. The necessity of working at a low temperature (relative to the 100#{176}C incubation in the original procedure) required a careful inquiry into the assay characteristics, and the influence of potential interferences. We document here the acceptability of direct serum cholesterol determinations made with the CentrifiChem analyzer.
Materials and Methods

Reagents
The reagent for use in the CentrifiChem cholesterol determination was a 0.5 g/liter solution of ferric perchlorate in a mixture of H2S04 and ethyl acetate (40:60, by vol), prepared as described in the original publication (2) . Care should be exercised in handling the reagent; and copious rinsing with alcohol is required to prevent damage to surfaces coming into contact with the reagent.
CentrifiChem
Control Serum was provided by Union Carbide Corp., Biomedical Division, Tarrytown, N. Y. Nonsaponified extracts of each serum were also run, and correction made where elevated blanks occurred.
Results
Linearity
The response of the kinetic assay system to various amounts of serum cholesterol is shown in Figure 1 . Correlations Figure 2 shows a scatter plot for results from 54 sera assayed via the reference method (x) and the kinetic assay (y). From these data points, the statistics shown in Table 1 ing data. "Within-disc" precision was measured by dispensing (automatically) the same control serum into each of the cuvets of a transfer disc. "Day-today" precision figures were generated from the values of two control sera, included in duplicate, on each disc of patient sera. Fresh control sera, from the same lot, were reconstituted on each of four days during a month. Patients' sera themselves were assayed in duplicate, either on the same disc or on back-to-back discs, in order to arrive at the precision figures for "duplicate determinations." Within-disc and day-to-day precision vary from a low of 2.5% to a high of 4.2% (coefficient of variation), all-inclusive figures for precision, in that they include all steps (pipetting as well as analysis) involved in the assay. The average difference between duplicate patient serum determinations was 65 mg/ liter, and was not significant by paired-sample statistics. The range of differences was such that even in the two extreme cases, the difference was less than 10% of the average of the two determinations.
Undiluted serum was assayed via the manual meth-
Interferences
Biliru bin. Samples of sera from patients, containing bilirubin in excess of 50 mg/liter, were assayed for cholesterol content by the kinetic, the manual, 
Precision
In getting the above correlations, we also obtained data on the precision of the kinetic assay. Table 2 lists the types of precision measured, and the result- and the semi-automated techniques. Table 3 gives the mean cholesterol concentrations of three groupings of these sera, as well as the overall mean of the cholesterol concentrations.
Even for those sera of extremely high bilirubin content (the highest, 290 mg/liter) no significant difference was seen in the estimate for cholesterol concentration by any of the three methods.
Triglycerides.
Sera containing more than 5000 mg of triglycerides per liter were assayed by the semiautomated, the kinetic, and the manual methods for cholesterol. Table 3 shows three groupings of sera based on triglyceride content. Clearly, the estimation of cholesterol is affected by increased concentrations of these neutral lipids. Although the differences in the mean cholesterol content are not significant at the 95% confidence level in any case (for the extreme case of kinetic versus manual ntethod in the third category, t = 1.83), sera with more than 10 g of triglycerides per liter should be diluted before assay for cholesterol. According to the degree of lipemia, the appearance of these sera ranges from slightly cloudy to extremely curdled.
Proteins.
Although not quantitated, the effect of serum hemolysis on the kinetic assay was observed for many slightly or moderately, or, in one case, extremely hemolyzed sera. In no case did results of the kinetic assay deviate seriously from those of the semi-automated method (and only in the case of the extremely hemolyzed sample did a difference exist versus the manual method). We chose no sera samples solely on the basis of excess -y-globulin concentration. However, patients who were being treated for alcoholism account for many of our requests for cholesterol determinations.
We could trace no aberrant kinetic cholesterol to such patients' sera.
Time Course for Reaction
As shown in Figure 3 , the time course for cholesterol color development differs, depending on whether the sample is serum or simply dissolved cholesterol in isopropanol. For this disc, the actual samples (in serum as well as in isopropanol)
were pipetted manually in triplicate, after the usual amount of diiuent and reagent were dispensed automatically. The concentration of cholesterol in each type of sample was about equal (1450 vs. 1470 mg/liter).
Data were taken initially
at 5 s after mixing, and at 2-mm intervals thereafter. While the reaction with pure cholesterol displays hyperbolic kinetics, the reaction curve for serum is sigmoid, entering its simple hyperbolic portion after an initial lag phase of 1 to 2 mm.
At the completion of the reaction, the serum sample has a more intense color than does the corresponding concentration of cholesterol in isopropanol.
In the case of routine use, the initial reading is timed to eliminate the influence of early-reacting compounds (presumably responsible for the early sigmoidal curve and the ultimate excess of color), while the Each point represents the average of three replicate samples final reading is taken at a time when color development is more than 90% complete.
Discussion
The adaptation of a direct serum cholesterol determination to the parallel fast analyzer can significantly decrease the time devoted to this assay in the clinical laboratory, without introducing the errors caused by interferences most commonly associated with direct cholesterol assays. The assay is linear over a clinically useful range, and samples beyond this range can be determined after dilution with a protein solution. Precision, both within-disc and day-to-day, is acceptable for samples within and be- 
